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Abstract

Precipitation patterns in the arid southwest U.S. ean be highly
variable during the summer monsoon season. The ability of ger-
minating seeds to withstand temporary periods of dehydration
may determine their potential for successful regeneration under
present and future climatic regimes. Germination with short-term
hydration and dehydration sequences was compared to constant
water potential germination for sideoats grama [Bouteloua cur-
tipendula (Michaux) Torreyl, buffelgrass [Cenchrus ciliaris 1.},
Lehmann lovegrass [Eragrostis lehmanniana Nees], and kleingrass
[Panicum coloratum 1.]. Seeds were imbibed at -0.2 MPa for 1 to
4 days, then either air dried or partially dehydrated at -3.0 MPa
for 1 to 4 days before being returned to the initial imbibition solu-
tion for a total 14-day incubation-dehydration period. One day of
imbibition at -0.2 MPa advanced germination to a stage that
resulted in significant reductions (P<0.05) in total germination
from subsequent dehydration. The significant reductions still
allowed > 48 % of the viable seeds to germinate after dehydration.
Longer imbibition times also exhibited significant reductions in
germination for buffeigrass and kleingrass. For kieingrass air-
dried dehydration compared to -3.0 MPa produced significant
reductions (P <0.05) in germination with 2-3 days imbibition. The
length of the dehydration periods produced significant differences
(P <0.05) in total germination for Lehmann lovegrass and klein-
grass. Partial dehydration significantly increased germination
rate for sideoats grama, buffelgrass, and kleingrass, while air-
dried dehydration significantly reduced buffelgrass germination
rate. Any dehydration during germination was detrimental and
>1-day imbibition followed by dehydration seemed the eritical
time upen which a dramatic reduction in germination occurs.

Key Words: sideoats grama, buffelgrass, lehmann lovegrass, kle-
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The timing and duration of seedbed moisture can be highly
variable, in southern Arizona with a summer monsoon climatic
regime (Cox and Jordan 1983, Osborn 1968). Hydration and
dehydration sequences can affect subsequent seed germination.
Seeds imbibed to subgermination levels without radicle extension
(Haferkamp et al. 1977b, Hardegree and Emmerich 1992a,
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1992b) and seeds imbibed and air-dried before radicle extension
occurs (Bleak and Keller 1974, Burgass and Powell 1984) may
germinate more rapidly with subsequent rainfall events. Duration
and magnitude of hydration and dehydration regimes can be criti-
cal to the germination process (Lalonde and Bewley 1985, Watt
1982). Although, dehydration before the early stages of radicle
extension may enhance future germination (Wilson 1973,
Burgass and Powell 1984), dehydration at later stages in the ger-
mination process may reduce seed viability (Lalonde and Bewley
1985, Hegarty 1978). Information as to the effect of various wet-
ting and drying sequences on germination has been used to opti-
mize planting dates for range grasses (Frasier and Lopez 1990,
Frasier et al. 1984, 1985). The purpose of this study was to deter-
mine the effects of short-term hydration and dehydration
sequences on germination response of 4 grasses, compare the
response to constant water potential germination, and the poten-
tial implications to seedling establishment. Specific objectives
were to evaluate the critical time requirements for initial radicle
extension and potential for germination enhancement of seeds
that are partially or fully dehydrated after an initial imbibition
period.

Materials and Methods

Sideoats grama [Bouteloua curtipendula (Michaux) Torrey],
buffelgrass [Cenchrus ciliaris L.], Lehmann lovegrass
[Eragrostis lehmanniana Nees), and kleingrass [Panicum col-
oratum L.] seeds were selected to evaluate short-term hydration
and dehydration on germination. These species were chosen
because they are widely used for revegetation in the southwestern
United States (Cox et al. 1987) and because information already
exists as to their germination response to a number of environ-
mental variables (Hardegree and Emmerich 1990z, 1991, 1992a,
1992b, Emmerich and Hardegree 1990, 1991, Wester 1991).

The Lehmann lovegrass seeds required seed coat disruption to
remove dormancy (Wright 1973, Haferkamp et al. 1977a, 1977b).
Therefore, seeds were mechanically scarified following the pro-
cedure described by Wright (1973) with 0.5-m! seed samples and
an 8-second scarification interval.

Seed germination was conducted in a water potential control
system consisting of 50 mm diameter by 85 mm high clear plastic
snap-top germination vials with a germination cup inside
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(Hardegree and Emmerich 1992a). Germination cups, fitted with
Whatman' No. 42 filter paper bottoms instead of cellulose mem-
brane, were supported inside the vials in contact with about 65 ml
of polyethylene glycol solution (8,000 MW) (Union Carbide,
Danbury, Conn.") or deionized water. In this application, seeds
were allowed to come into direct contact with the osmotic solu-
tion used to control water potential. Seed contact with polyethyl-
ene glycol solution does not have detrimental effects on germina-
tion of these species beyond those induced by a reduction in
water potential (Emmerich and Hardegree 1990, Hardegree and
Emmerich 1994).

Polyethylene glycol was mixed with deionized water to yield
osmotic water potentials of -0.2 and -3.0 MPa (Hardegree and
Emmerich 1990b, Emmerich and Hardegree 1991). A -0.2-MPa
water potential compared to O MPa elicits near maximum germi-
nation response for 3 of the test species (Hardegree and
Emmerich 1990a) and was felt to represent moist soil conditions.
The -3.0 MPa treatment is a subgermination water potential that
can occur in dry soils. Replicate samples of 35 seeds of each
species were initially imbibed for either 1, 2, 3, or 4 days in con-
tact with a -0.2-MPa solution. One-half of the germination cups
were removed from the vials after the initial equilibration time,
blotted dry of polyethylene glycol solution, placed next to the
vial, and air dried for 1, 2, 3, or 4 days. The germination cups that
were blotted dry for the air-dry dehydration took about 3 hours to
reach air dryness in 40-50% relative humidity. The other one-
half of the germination cups was switched to an adjacent vial
containing polyethylene glycol solution at -3.0 MPa to partially
dehydrate for 1, 2, 3, or 4 days. After air drying or partial dehy-
dration periods, all germination cups were returned to the original
vials containing -0.2-MPa solution for rehydration. All combina-
tions of species, initial equilibration period, and dehydration
sequence were replicated 6 times. Vials were in a randomized
complete block design inside a temperature controlled room at
25+1° C under both fluorescent and incandescent light for 12
hours per day. Included in each block were control seeds from
each species that were germinated at the same time in contact
with -0.2-MPa solution and not subjected to a dehydration period.

Fungal growth was restricted by treating seeds with a 50 gl
Daconil (tetrachloroisophthalonitrile) suspension (2.5g 100 ml™)
at the beginning of the study. Seeds were examined daily and
those exhibiting radicle extension of 2 2 mm were considered
germinated, counted and removed. Seeds that developed fungal
growth were removed and termed nonviable. The test was termi-
nated 14 days from the start of the initial equilibration period.

Three germination indices were calculated: 1.) total 14-day per-
cent germination; 2.) total percent germination for seeds that ger-
minated after the dehydration periods; and 3.) days to 25% germi-
nation starting at the completion of the dehydration treatments
and based on the number of seeds germinating after the dehydra-
tion treatment. Days to 25% germination was calculated by linear
interpolation between data points. Treatments with low total ger-
mination after the dehydration periods exhibited high variability
in germination rate as only a few seeds would be used to charac-
terize treatment response. Therefore a value of >20% of the seed
germinating after dehydration was used as a minimum value to
calculate days to 25% germination starting after dehydration.

‘Mention of trade names or proprietary products does not indicate endorsement
by USDA, and does not imply its approval to the exclusion of other products that
may also be suitable,
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Ninety-five percent confidence intervals were calculated and used
to test for significant treatment differences. Treatments were con-
sidered to be significantly different if there was no confidence
interval overlap. This is a more conservative test for significance
than was utilized in similar studies, where overlap of confidence
interval and predicted mean was used (Hardegree and Emmerich
1990a; Hardegree and Emmerich 1992a). The control seeds could
not be included in an analysis of variance as they were not sub-
jected to any of the main effects. An analysis of variance without
the control was not performed to determine significant interac-
tions of main effects as they can be evaluated by data presented
in the tables.

Results

Sideoats Grama

Sideoats grama seed germinated so rapidly that near maximal
germination occurred by the second day of imbibition at -0.2
MPa (Fig. 1). Because of the rapid response, germination was
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Fig. 1. Percent germination vs time for sideoats grama, buffelgrass,
Lehmann lovegrass, and kleingrass exposed to 1 day -0.2 MPa
imbibition and partial dehydration at -3.0 MPa for 1 day (-8-), 2

day (- ), 3 day (-*-), 4 day (-1-) and rehydration at -0.2 MPa,
plus germination at constant -0.2 MPa (-4-).
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affected only by dehydration events that started 1 day after initia-
tion of imbibition. Air-dry dehydration and 1-day imbibition sig-
nificantly reduced total germination to 16-19% less than controls
(Table 1), but germination was unaffected by the length of the
dehydration period. Partial dehydration of sideoats grama seed
after 1 day of imbibition reduced germination less than air-dry
dehydration. Partial dehydration for 1 day reduced germination
only 3% but with 4 days of dehydration this increased to 11%
less than controls.

Fifty-four to 67% of the sideoats grama seeds germinated after
pariial and full dehydration with 1 day imbibition (Table 2). Air-
dry seeds germinated slightly less than partially dehydrated seeds
and the length of dehydration did not influence germination.
Germination after longer imbibition times was minimal, because
most seed had germinated before dehydration was initiated.

Sideoats grama seeds that survived dehydration after 1 day of
imbibition had the most rapid germination rate of all species
(Table 3). The increase in germination rate compared to controls
for air-dry dehydration was small, while partially dehydrated
seeds had significant increases. Dehydration period length did not
influence the germination rate.

Buffelgrass

Buffelgrass seeds germinated slower than sideoats grama and
were affected by dehydration initiated with >1 day of imbibition
(Fig. 1). Total germination of buffelgrass was significantly
reduced for most dehydration periods with 1 to 3 days imbibition
(Table 1). The reductions in germination were up to 24% com-
pared o the control. Partial dehydration reduced germination
buffelgrass less than air-dry dehydration. There was a trend of
reduced germination with increasing length of air-dry dehydra-
tion with 1 day imbibition.

At least 65% of the buffelgrass seed germinated after dehydra-
tion with 1 day imbibition and was equal to total germination
(Table 1 and 2). Germination after dehydration with longer imbi-
bition times was much lower. Germination after dehydration was
always higher with partial than air-dry dehydration.

Buffelgrass seeds that were air dried after 1 day imbibition ger-
minated significantly slower than control seeds, except for 4 day
dehydration (Table 3). Low germination prevented a rate determi-
nation with a 2 day imbibition followed by air-dry dehydration.
In contrast buffelgrass seeds imbibed for 1 day followed by par-
tial dehydration had significant increases in germination rate
compared to controls. Longer imbibition times produced non-
significant increases in germination rates.

Table 1. Mean 14 day percent germination (£95% confidence intervals) at constant water potential, and after 1-4 days initial imbibition followed by 1-

4 days partial or full dehydration.

Days of  Constant Initial imbibition days at -0.2 MPa'
Dehydration -0.2 MPa i 2 3 4
Water air -3.0 air -3.0 air -3.0 air -3.0
Potential dry MPa dry MPa dry MPa dry MPa
___________________________________________ 25 T
Sidecats grama
0 984
1 81+10%2 9545 95+4 9743 97+3 98+1 962 98+3
2 82x12% 9246 9345 9318 9615 953 966 9516
3 81+9* B 1* 963 962 97+4 93+8 974 9743
4 T9x12% 87£T* 924 966 9545 9643 974 98+3
Buffelgrass
0 89+4
i 81+8 84x11 62+13* 82+10 T5+8% 8510 8218 8616
2 727 79£5% T6x4* 79+5% T3x11% 82+8 856 86x6
3 T3x13% 8346 68x14* 7916 78x12 81x5 T8x6% 79+8
4 65x14% 81+4* 66x9* 75+8% 806 8319 817 85x2
Lehmann lovegrass
0 87x7
1 8516 90+5 74+8 89+10 83+6 88+8 824 88+5
2 68x21 87+8 767 88+5 8010 83+5 87+5 89x4
3 6622 6917 756 83+6 83+9 85x4 8618 93x5
4 52x20% 6516 74x7 8243 82:+4 88+9 88+5 86x7
Kleingrass
0 6510
i 4613 49x14 18+4* 48+8 16x10* S1+8 33x8* 477
2 39x15% 417* 8+5* 41x11* 23x11* 43+16 31x12* 566
3 3lxiz* 41:48% 8+5* 38x10* 19x8* 32+7* 37x15* 30+12*
4 37x14% 35x14* F1x5% 30+10% 26x10* 44x10%* 32+6% 4445%*

"After 1-4 days at initial imbibition water potential switched to air dry or -3.0 MPa dehydration for 1-4 days then rehydration for a total 14 days.
Values with a * were considered significantly different (P < 0.05) from the constant -0.2-MPa water potential by non-overlap of confidence intervals.
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Lehmann lovegrass

Lehmann lovegrass germination response to dehydration was
similar to that exhibited by buffelgrass (Table 1). Germination
reductions were up to 35% with 1 day imbibition followed by air-
dry dehydration, while partial dehydration reductions were up to
22%. The absence of significant germination reductions was
attributed to the large variability in Lehmann lovegrass germina-
tion as measured by the confidence intervals. Germination with 1
day imbibition was significantly reduced at 4 days of dehydration
compared to 1 day.

Lehmann lovegrass seed germination after dehydration with 1
day imbibition was at least 52% and accounted for the total ger-
mination (Table 1 and 2). With longer imbibition times few seeds
germinated after the dehydration treatments. Germination after
dehydration for all imbibition times was lower in the air-dry than
partial dehydration treatments.

Germination rate for Lehmann lovegrass seeds was unaffected
by dehydration treatments (Table 3). Lehmann lovegrass was the
only species not to have a germination rate response to dehydra-
tion.

Kleingrass

Kleingrass seed germination was much slower than the other
species (Fig. 1). With slower germination kleingrass seeds were
susceptible to dehydration effects after all imbibition periods.
Germination was significantly reduced for a majority of the dehy-
dration treatments with up to 57% reduction (Table 1). Increasing
length of dehydration period with 1 day of imbibition tended to
reduce germination similar to buffelgrass and Lehmann love-

grass. Kleingrass germination for air-dry compared to partial
dehydration treatments was the only species to have significantly
less germination for any of the imbibition periods.

Kleingrass seed germination after dehydration with 1 day imbi-
bition was at least 31% (Table 2). Germination after dehydration
with 1-2 days imbibition was close to total germination (Table I
and 2). Germination after dehydration for longer imbibition times
and air-dry dehydration germination was poor, while for partial
dehydration it was much greater than the other species.

Germination rate of kleingrass seeds with 1 day imbibition fol-
lowed by dehydration was not different than controls (Table 3).
Slower germination and the less detrimental effect of partial
dehydration on germination allowed for germination rate calcula~
tions through the 3 day imbibition period. At 2-3 days imbibition
and for partial dehydration, germination rate was significantly
increased for many of the dehydration periods.

Discussion

The reductions in total germination, relative to the controls,
represents seeds in the germination process that are subsequently
damaged by dehydration treatments. Loss of viability in seeds at
an advanced stage of germination is usually attributed to cellular
damage in growing root tissue caused by dehydration (Hegarty
1978). The overall influence of dehydration intensity on germina-
tion for the species can be seen in Figures 1 and 2, with less dam-
age from partial dehydration. Seed germination was essentially
completed by the third day except for kleingrass, therefore germi-

Table 2. Mean percent germination (+95% confidence intervals) that occurred after dehydration treatments.

Days Initial imbibition days at -0.2 MPa’
Dehydration i 2 3 4
air -3.0 air -3.0 air -3.0 air -3.0
dry MPa dry Mpa dry MPa dry MPa
------------------------------------------- G R
Sideoats grama
1 59x16 67+5 19 3x5 0+4 13 0£3 1+4
2 58x18 64+13 1+8 4x12 0+8 1£5 09 18
3 58+14 64x10 I+5 315 05 1x10 06 0x4
4 54+18 62+10 246 319 0+7 1x6 0£5 Oxd
Buffelgrass
1 81x8 8411 3+19 27422 1x12 T+14 1+10 4x10
2 727 7945 9x12 30+16 1x15 1117 2+12 249
3 73x13 83x4 5422 30£17 2+19 9+13 0+8 2x13
4 65+14 81x4 8x11 20+15 1+7 4+14 0x10 03
Lehmann lovegrass
i 85+6 905 S5+11 26x14 3+8 10+11 1+6 4+7
2 6821 87x8 4x11 23+6 2x15 7+5 1+8 516
3 6622 6917 69 20+15 4x17 Tx11 2+10 37
4 52420 65x16 5+10 1817 2+6 911 1+8 3x11
Kleingrass
1 46x13 49x14 14+54 44x11 1+13 26x11 2+12 1712
2 39+15 417 7£5 39+11 116 2424 1x16 16+7
3 3112 418 56 3710 2+10 15+12 1+20 14+18
4 37+14 35«14 818 28+12 2+13 21+16 48 10+13

TAfier 1-4 days at initial imbibition water potential switched to air-dry or -3.0-MPa dehydration for 1-4 days then rehydration,
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Fig. 2. Percent germination vs time for sideoats grama, buffelgrass,
Lehmann lovegrass, and kleingrass exposed to 1 day -0.2 MPa
imbibition and air-dry dehydration for 1 day (-B-), 2 day (—), 3
day (-*-}, 4 day (-LJ-) and rehydration at -0.2 MPa, plus germina-
tion at constant -0.2 MPa {-4-).

nation was affected only by dehydration after 1-2 days imbibi-
tion. Seedling establishment of germinating seeds would then be
dependent on root extension into the soil as surface soil moisture
is depleted. Frasier et al. (1984, 1985) showed high mortality
rates for seedlings subjected to dehydration soon after germina-
tion. Sideoats grama, the fastest germinating species, had com-
pleted 24% germination after only 1 day of imbibition. This
species also has a rapid root elongation rate (Simanton and
Jordan 1986), yet its fast growth rate may not be adequate to
obtain deeper soil moisture in rapidly drying coarse soils
{Roundy et al. 1993).

A precipitation event that produces one day of soil moisture
would not germinate all viable seeds, even for the fast germinating
sideoats grama. For all species at least 48% of viable seeds were
able to germinate after | day imbibition followed by dehydration
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Table 3. Mean days to 25% germination (£95% confidence intervals)
starting after dehydration for seeds that survived 1 day initial imbibi-
tion and 1 to 4 day dehydration treatment, and for seeds that germi-
nated at constant -0.2 MPa water potential.

Days Dehydration treatment after | day imbibition’
Dehydration air -3.0 air -3.0
dry MPa dry MPa
(Days)
Sideoats grama Buffelgrass

Constant 0.65+0.14 1.4+0.1

Water

Potential

1 0.38+0.15 0.28+0.02+7 2.0+0.3* 0.5£0.1*
2 0.42+0.19 0.30£0.01* 1.9+0.3% 0.5+0.1*
3 0.45+0.14 0.29+0.03* 1.9+0.2* 0.4+0.1*
4 0.45+0.13 0.28+0.02* 1.820.3 0.5£0.1*

Lehmann lovegrass Kleingrass

Constant 1.320.1 3.0+0.5

Water

Potential

1 1.3+0.2 1.0+0.4 3.1£0.9 2.4+0.5
2 1.6£0.3 1.4+0.3 34+1.3 3.0x1.0
3 1.6+0.4 1.7£0.5 2.9x1.1 2.0+1.0
4 1.8+0.7 1.8£0.5 3.1+0.6 2.2+0.7

TAfter 1 day at 0.2 MPa imbibition water potential switched to air-dry or -3.0-MPa
ehydration for 1-4 days then rehydration.

Values with a * were considered significantly different (P<0.05) than the constant 0.2
MPa water potential by non-overlap of confidence intervals.

(Table 2). One day of soil moisture availability is not uncommon
in southeastern Arizona. Analysis of rainfall data from there has
shown that 45% of the precipitation events are < 2.5mm (Frasier
and Lopez 1990). The dramatic decrease in germination after
dehydration as the length of imbibition time increased, indicates
that greater than 1 day of imbibition will result in significant loss-
es of germinating seeds if subsequent moisture requirements for
seedling establishment are not met.

The imbibition, and full and partial dehydration sequences used
in this experiment are similar to seed hardening and priming
treatments that have been used to enhance germination rate for
many agricultural species (Heydecker and Coolbear 1977) and
some range grasses (Hardegree 1994, Beckman et al. 1993,
Haferkamp et al. 1977b, Bleak and Keller 1974). Improved ger-
mination from seed hydration treatments has been attributed to
metabolic repair (Burgass and Powell 1984, Osborne 1983), syn-
thesis of germination metabolites (Mazor et al. 1984), and
reduced imbibition time. Germination enhancement from hydra-
tion and dehydration sequences in a field setting may provide an
establishment advantage to some seeds by increasing germination
rate. This experiment indicates that the advantage would be small
for these species at the tested temperature. Germination rate
enhancement was up to 1 day and confined to partial dehydration
seed priming treatments (Table 3). Low temperature germination
rate of some cool season grasses have been increased by as much
as 4-8 days by seed priming treatments (Hardegree 1994). The
small increase in germination rate of the partially dehydrated
seeds in this experiment may have been caused by simple reduc-
tion in the lag time for imbibition relative to the controls. Also
the increase in germination rates would probably not overcome
the losses in seed viability in the overall process of seedling
establishment.
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